BIOCHEMICAL SOCIETY TRANSACTIONS lysosomal enzymes, N-acetyl-8-glucosaminidase, 8-galacto-sidase, acid phosphatase, myeloperoxidase and lysozyme, as well as for cytochrome oxidase, 5'-nucleotidase and neutral a-glucosidase. In addition, the distribution of activity against [ 'Hlelastin, 1 3H]acetylated casein and N-benzyloxycarbonyl-L-alanine 2-naphthyl ester, a synthetic substrate used for elastase determinations, was examined. The majority of the activity of each of these enzymes was found within the gradient.
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The profiles of the lysosomal enzymes N-acetyl-P-glucosaminidase, P-galactosidase and myeloperoxidase were similar and showed a peak density of l.21g/cm3. Interestingly, the lysozyme activity appears to be in a different granule at a modal density of 1.20g/cm3 and acid phosphatase is in a third granule corresponding to a modal density of 1. 17g/cm'. Although dfierences were apparent between the distribution profiles of these individual enzymes, they appear distinct from the mitochondria (cytochrome oxidase, modal density 1.16 g/cm3), plasma membrane (5'-nucleotidase, 1.16 and 1.105 g/cm3) and endoplasmic reticulum (neutral a-glucosidase, 1.145 g/cm3). Myeloperoxidase appears to have a dual localization as a result of a possible association with the endoplasmic reticulum. The modal density of the activity against I 'Hlacetylated casein, ['Hlelastin and N-benzyloxycarbonyl-L-alanine 2-naphthyl ester was identical with that observed for the lysosomal marker enzymes at density 1.21 g/cm3. Although the acid hydrolase and neutral proteinase activities all appear to be in granules of similar behaviour there are slight differences between all the profiles, which may suggest that these enzymes exist in primary granules rather than in secondary lysosomes. The latency of N-acetyl-P-glucosaminidase activity was approx. 60% in homogenates from human monocytes and a similar value was calculated for neutral proteinase activity against 1 3H]acetylated casein. These observations indicate that the neutral proteinase activity, as well as the acid hydrolase activity, is normally constrained within the membrane-bound granules termed lysosomes. The lysosomal thiol proteinases are thought to play a major role in the turnover of collagen in mammalian tissues (Burleigh; 1977) . It has been reported that highly purified cathepsin B from human liver solubilizes collagen (type IV) from human glomerular basement membrane (Davies et al., 1978) . To investigate this finding further, the purification of thiol proteinases from normal human kidney has been undertaken. Cortex from normal kidneys was homogenized in a solution containing 1% (w/v) NaCI, 2% (v/v) butan-1-01 and 1mM-EDTA, adjusted to pH 5.0 with HCl, and centrifuged at 6000g for lh. The pellet was extracted with 0.2% Triton X-100 overnight at 4OC and the procedure was repeated until no activity against azocasein at pH 6.0 was detected in the supernatant. The combined extracts were acidified to pH4.0 and incubated at 40°C for 1 h and centrifuged. The pellet was again examined carefully to ensure complete extraction of azocasein activity. Further purification was achieved by precipitation between 30 and 70%-satd. (NH,),SO,, extraction of the pellet with ~~M -E D T A , and dialysis at pH4.3 for 2 days at 4OC. The enzymes were eluted from CM-cellulose as a broad peak by a linear NaCl gradient at pH4.3. The cathepsin fractions were made 1 mM with EDTA, adjusted to pH 5.5 and applied to an organomercurial-Sepharose column (Barrett, 1973) to separate cathepsin B (bound) from cathepsins H and L (unbound). Cathepsin B was further purified by the method of Barrett (1973) to yield a pure protein.
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The unbound proteinases were concentrated, chromatographed on Sephadex G-75, and then separated on CM-cellulose at pH 5.0 with a linear salt gradient. Two protein peaks emerged. The first contained activity towards Bz-Arg-2-NNap and Arg-ZNNap, whereas the second was active against azocasein and to a lesser extent against Bz-Arg-2-NNap. Peak 1 was finally purified on Sephadex G-75. The Bz-Arg-2-NNap activity of peak I1 was eliminated by chromatography on DEAECellulose at pH 6.5, when the azocasein activity (probably cathepsin L; see Kirschke et al., 1977a,b) , was eluted as a single protein peak by 0.5 M-NaCI.
The activity of the three final preparations against azocasein and several synthetic substrates are shown in Table 1 . Their specificity suggests that we have separated cathepsins B, H and L (Barrett, 1977; Kirschke et al., 1977a,b) , which correspond closely to the three thiol proteinases isolated from human liver (Barrett, 1980) . Furthermore, our cathepsin L has some of the properties of collagenolytic cathepsin (cathepsin N) isolated from bovine spleen (Ducastaing & Etherington, 1978) . Cathepsins B and L were strongly inhibited by leupeptin, but Table 1 . Activity of cathepsins B, H and L isolated from human kidney against azocasein and low-molecular-weight substrates The assay conditions were as described by Barrett (1977) . Abbreviations: n.d., not detected. The unit of azocasein activity is defined as the hydrolysis of lmg/h. Activities for lowmolecular-weight substrates are expressed in nKat. The protein concentrations were 0.45, 0.3 and 0.13 mg/ml for cathepsins B, H and L respectively. cathepsin H was much less sensitive to this inhibitor. All three required cysteine or dithiothreitol for maximum activity and all were inhibited by iodoacetamide. Cathepsin B (0.08 unit of azocasein activity; 1, unit is the hydrolysis of lmg/h) solubilized over 7096 of the hydroxyproline present in glomerular basement membrane (2mg) when incubated at pH4.0 for 16h; the amount solubilized at pH6.0 was 35%. Examination of the solubilized products by gel filtration on Sephadex G-200 revealed two hydroxyprolinecontaining components (mol.wts. approx. 200000 and less than lOO00) which indicates that extensive degradation of the glomerular basement membrane had taken place. Cathepsin L (0.08 unit of azocasein activity) gave similar results except that up to 85% of the insoluble hydroxyproline was released. The glomerular basement membrane was more resistant to degradation by cathepsin H, where 0.3 units degraded less than 15% of the collagen present.
The subcellular localization of these enzymes in the kidney has yet to be established, but in other tissues they are located in lysosomes. Together the enzymes may play a role in the turnover of glomerular basement membrane under normal physiological condition. 
